We present an analysis of high resolution HI data of the dwarf galaxy DDO 47, aimed at testing the hypothesis that dark halo triaxiality might induce non-circular motions resulting in rotation curves best fitted by cored halos, even if the dark matter halo is intrinsically cuspy. This hypothesis has been invoked in order to reconcile the predictions of the ΛCDM theory with the rotation curves of disk galaxies. DDO 47 is an ideal case to test this hypothesis because it has a very regular velocity field, its rotation curve is best fitted by a cored halo and a NFW halo is inconsistent with the data. The minor axis kinematics (e.g. Hayashi et al. 2004 ) that results naturally from the non-circular motions needed to "hide" a cusp is incompatible with the actual observations: along the minor axis, velocities as high as 30% of the rotational velocity should be reached within the stellar exponential scale length, while the observations show that the velocities stay close to zero. We therefore conclude that the dark matter halo around the dwarf galaxy DDO 47 is truly cored and that a cusp cannot be hidden by non-circular motions. We also fit the kinematics of DDO47 with the standard MOND formula and find that MOND is unable to reproduce the observed rotation curve.
INTRODUCTION
A fundamental prediction of the cosmological (Λ) Cold Dark Matter (ΛCDM) theory is that virialized dark matter halos should have universal density profiles. An empirical fit formula for the spherically averaged density distribution ρ(r) had been proposed by Navarro, Frenk & White (1996 , 1997 ρ(r) = ρ s (r/r s )(1 + r/r s ) 2 ( 1) where ρ s and r s are two in principle free but for a given cosmological model strongly correlated parameters. This density distribution converges to power-law functions at small radii (ρ ∼ r −1 ) and at large radii (ρ ∼ r −3 ). Moore et al. (1999) later on argued that the inner cusp may even be steeper with ρ ∼ r −1.5 . The power-law behaviour has been a matter of strong debate. Recent simulations, e.g. by Power et al. (2003) and Reed et al. (2005) demonstrate that the CDM halo density profiles are better represented by a function with a continuously varying slope and no convergence to a power-law slope at small radii. A revised fitting formula was derived by Navarro et al. (2004) , where the slope at the innermost radius is about -1.2 for spiral galaxies and -1.35 for dwarfs. Merritt et al. (2005) showed that the Sérsic (1968) law fits high-resolution ΛCDM halos with a wide range of masses with a Sérsic index of n ≈ 2.4 − 3 which is usually used as a good fit of the surface brightness profiles of the centres of early-type galaxies.
However, as we can typically trace rotation curves observationally in the regime of 0.1r s ≤ r ≤ 2r s , the NFW profiles still provide a good description to the dark matter halos in galaxies.
The CDM predictions have been confronted with observations, investigating the rotation curves of disk galaxies. Numerous mass models of spiral, dwarf and LSB galaxies have shown that in a large number of cases the inferred cores of dark matter halos are much shallower than expected from the NFW-fit (Flores & Primack 1994 , Moore 1994 , Burkert 1995 , Salucci & Burkert 2000 , de Blok, McGaugh & Rubin 2001 , Salucci 2001 , de Blok & Bosma 2002 , Weldrake et al. 2003 ). The cored density distribution (Burkert 1995) 
fits the data often very well, indicating that, in contrast to cosmological predictions, the maximum density of dark halos is finite. Donato et al. (2004) even found a strong correlation between the core radius r c and the dynamical mass indicating again that the observed cored dark matter halos represent a 1-parameter family. This contradiction between theoretical predictions and observations has stimulated a lot of discussions as it has the potential to provide interesting new insights into the nature of dark matter and its possible interaction with visible matter (for reviews see Primack 2004 or Ostriker & Steinhardt 2003 . In this letter we will explore a recent suggestion by Hayashi et al. (2004) who proposed that solid-body rotation curves which are usually interpreted as a signature of constant density cores would arise naturally also in cored NFW halos as a result of a triaxial dark matter mass distribution that hides the steep central density cusp inducing deviations from axial symmetry in the disk. The deviations from axial symmetry in the gas kinematics result in a precise predic-tion: when considering the kinematics along the minor axis, one should observe a rapid increase of the velocity (within the disk exponential scale length), up to ∼ 30% of the maximum value along the major axis, and then a slow decrease. Such a behaviour can be tested observationally with galaxies showing two-dimensional velocity fields that are clearly inconsistent with a NFW profile.
THE TARGET: DDO 47
An ideal case is the nearby dwarf galaxy DDO 47 for which HI observations (Walter & Brinks 2001 ) with adequate resolution and sensitivity exist; these data show that the kinematics of the gas is very regular, with a very well-behaved velocity field (Fig. 1) .
DDO 47 is one of the most clear cases with kinematical properties that are inconsistent with NFW. A first rotation curve of DDO 47 was presented in Walter & Brinks and a more detailed decomposition, performed by Salucci, Walter & Borriello (2003) , shows that a NFW halo is inconsistent with the data. They also show that the halo of DDO 47 has a central constant-density core: the rotation curve was successfully fitted with a Burkert halo with r c =7 kpc and ρ 0 = 1.4 × 10 −24 g cm −3 (assuming a distance of 4 Mpc, see also Section 4, and 1 arcmin corresponds to 1.16 kpc); any other cored halo (e.g. pseudo-isothermal) gives equally good fits to the rotation curve. We show the Burkert fit in Fig. 2 , where the rotation curve was derived by leaving the position angle as a free parameter, in order to better trace the warp. Also shown in Fig. 2 is the NFW fit; contrary to Salucci, Walter & Borriello (2003) we do not fix the virial mass M vir by matching the last velocity point, but we leave it instead as a free parameter, the concentration parameter c scaling as c = 21( Mvir 10 11 M⊙ ) −0.13 (Wechsler et al. 2002) .
Here we subject the same data to a more thorough analysis, carried out in the light of the above discussion. The spatial resolution of the datacubes (300-500 pc) is similar to those of the dwarf galaxy simulations performed by Navarro et al. (2004) .
HALO TRIAXIALITY, CORE RADIUS AND MINOR AXIS ROTATION
We have made a tilted-ring analysis of the velocity field with the inclination and the centre fixed at the same values as used by Walter & Brinks (2001) . In order to be as close as possible to the simulated long-slit observations of Hayashi et al. (2004) , we have fixed the major axis position angle at its average value inside the optical radius (for the minor axis we just rotated the position angle by 90
• ), i.e. 315
• , excluding any points further than 5
• from the major axis while performing the ring fitting. We have also found that a slight change in the systemic velocity (273 km s −1 instead of 272 km s −1 ) decreases the differences between the two sides. In Fig. 3 we show the major axis (filled squares) and minor axis (open squares) rotation curves with the position angle fixed; along the major axis the situation is very close to a solid-body rotation curve, while along the minor axis the velocity remains close to zero, with deviations from zero starting in the outer parts, owing to the warp of the HI disk. The error bars are derived from the difference between the two sides, also considering a minimum error of half the velocity resolution, corrected by the inclination.
In Fig. 4 we show the comparison between the observed minor axis rotation curve (open squares) and the predictions by Hayashi et al. (filled circles), scaled to the properties of DDO 47 in order to perform a meaningful comparison. The galaxy that they simulate has a maximum velocity along the major axis of about 110 km s −1 and a stellar disk exponential scale length r d,Hayashi = 5.14 kpc (for H 0 = 70 km s −1
Mpc
−1 ). The predicted velocities were thus scaled by V max,DDO47 /V max,Hayashi = 67/110, and the radii were scaled by r d,DDO47 /r d,Hayashi = 0.54/5.14, where V max is the peak velocity of the rotation curve and r d is the stellar disk exponential scale length. The results are striking: even though DDO 47 has an almost solid-body major axis rotation curve, the velocity along the minor axis shows very small deviations (about 10 times smaller than predicted in the inner parts) from zero and a different shape compared to the predictions. Therefore deviations from circular velocity induced by a triaxial halo cannot be reconciled with a NFW halo in view of the observed kinematics. Instead, the kinematics strongly suggests a central constant density core.
By making use of the GIPSY task GALMOD, we have checked whether resolution effects or uncertainties in the data analysis might reconcile the predicted kinematics with the observed one. A model data cube was built, such that the kinematics along the minor axis of DDO 47 is the same as the Hayashi et al. (2004) predictions. Then, we have compared the position-velocity diagrams of the observed and model cubes, shown in Fig. 5 . It turns out that the model data cube is inconsistent with the observations: notice the shape of the plotted contour and the clear signature of the large velocity gradient near the centre, not seen in the actual observations. The orientation of the alleged non-circular motions is unknown, but this would only imply a mirroring around the centre. In principle one should first produce a model with an axisymmetric data cube, based on the observed rotation curve and then subtract that model cube from the observations. The minor-axis rotation (and/or, if present, any non-circular rotation components) would then automatically show up in the residual velocity field (or pv diagram). However, the residuals turn out to be strongly influenced by the patchiness of the HI distribution and by the noise, rendering the searched effects much less visible.
Notice that the results shown here are unaffected by any possible error due to an incorrect rescaling of Hayashi et al.'s simulation, because the shape of the observed minor axis kinematics is completely different from the predictions. Moreover, this result is more general: any alleged non-circular motions induced by dark halo triaxiality, used to reconcile the NFW density profile with the rotation curve of DDO 47, would automatically result in velocities along the minor axis much different from zero, while the observations show the opposite.
MOND VS THE HIGH QUALITY ROTATION CURVE OF DDO 47
DDO 47 is an ideal case to MOND, the Modified Newtonian Dynamics introduced by Milgrom (1983) . According to this hypothesis, the lack of Keplerian fall-off in the rotation curves at large distances can be explained by a modification of the law of gravity: below the acceleration a 0 = 1.2 × 10 −8 cm s −2 the gravitational acceleration becomes:
where M (r) accounts for the stellar and gaseous components. The fits performed by using the MOND prescription are shown in Fig. 6 : the inability of MOND to reproduce the kinematics is quite obvious, even by leaving the distance to DDO 47 as a free parameter (within 40% of 4 Mpc, the distance assumed by Walter & Brinks 2001) . This only slightly improved the fits; the best fit value of the distance is 5.6 Mpc, at the edge of our allowed range. Notice that the MOND formula is an approximation for spherical symmetry; for disk systems in principle a more precise derivation of the force should be computed (see Bekenstein & Milgrom 1984) ; the MOND formula turns out to be accurate to within 10% (Sanders & McGaugh 2002) , an uncertainty which still does not seem to be sufficient to fit the rotation curve of DDO 47.
CONCLUSIONS
We have presented a dynamical analysis of HI data of the dwarf galaxy DDO 47 to test the hypothesis that the possible triaxial shape of the dark matter halo might induce deviations from circular motions resulting in a rotation curve best fitted by a cored halo, with the dark matter halo being still CDM-like (i.e., cuspy). The highquality HI observations of DDO 47 make it an ideal case to test this hypothesis because it has a very regular velocity field, its rotation curve is best fitted by a cored halo and a NFW halo is inconsistent with the data (Salucci et al. 2003) .
The deviations from circular motions predicted to "hide" a cusp would however naturally result in strong deviations from zero along the minor axis (∼ 30% of the maximum along the major axis, Hayashi et al. 2004) . This is at odds with the observations: such a large deviation from zero velocity (that should be reached within the stellar exponential scale length) is not observed: the HI data of DDO 47 show that along the minor axis the velocity stays very close to zero out to the edge of the optical disk. This assertion has also been checked by establishing the difference between the observations and model data cubes with minor axis kinematics according to the predictions. Any kind of strong non-circular motions invoked to reconcile a cuspy halo with the observed rotation curve is thus excluded. We conclude therefore that the dark matter halo around the dwarf galaxy DDO 47 is truly cored and that a cusp cannot be hidden by non-circular motions.
We have also fitted the rotation curve of DDO 47 with the MOND formula, and the result is that it is unable to reproduce the observations, even if we account for a 40% uncertainty on the distance.
